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(54) Cystic fibrosis test based on the detection of mutations in the CFRE gene by ARMS 

(57) A method for detecting the presence or ab- 
sence of twelve mutations in the cystic fibrosis trans- 
membrane conductor regulator (CFTR) gene, which 
method comprises contacting sample genomic DNA 
from an individual in two separate reaction vessels with 
allele specific primer sets for (A) 1717-1 G>A, G542X, 
W1282X. N1303K. AF508(IVI), 3849+IOkb C>T muta- 
tions and (B) the 621+1 G>X R553X, G551D. R117H, 
R1162Xand R334W mutations respectively, in the pres- 
ence of appropriate nucleotide triphosphates and an 
agent for polymerisation, such that each diagnostic 
primer is extended only when the relevant mutation is 
present in the sample; and detecting the presence or 
absence of CFTR gene alleles by reference to the pres- 
ence or absence of diagnostic primer extension product 
(s). 
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Description 

[0001] Cystic Fibrosis (CF) is the most common fatal autosomal recessive disease affecting Caucasian populations 
CF has an incidence oil in 2 000 to 3 000 births depending on population groupi and this indicates a carrier frequency 
of around 1 in 25 (i.e. 4% of the populatbn). The prognosis for an affected child with CF is a median life expectancy 
currently estimated to be 40 years2 Since the discovery of the CFTR gene3 over 600 CF associated mutations have 
been identified. The majority of these are presumed to be disease^using but most are rare so many laboratories test 
for a limited number with an emphasis on those predominating in their local populations. 

[0002] Detection methods used to date have included DNA sequencing, DNA enzyme immunoassay (Sanguiolo et 

al, IntJ-Clin.Lab.Res.. 1995, 25, 142-145), multiplex DGGE analysis (Costes et al, Hum.Mutat., 1993, 2. 185-191) 

and the use of the polymerase chain reaction (PCR) In conjunction with allele-specific oligonucleotide probes (PCR- 
ASO). 

[0003] In addition, ARMS is an established technique that enhances the utility of the PCR for the detection of muta- 
tions and other polymorphisms in DNA* (see our European Patent No. 0 332 435). ARMS also provides the means to 
distinguish between homozygotes and heterozygotes for any given allelic variation. The principle of the method is that 
under appropriate condittons an oligonucleotide which is not matched to target (genomic) DNA sequence at its 3'-end 
will not be extended by Taq DNA polymerase. The S'-end of an ARMS primer therefore confers its allele-specificity. 
Hence, an ARMS product is on^ generated if the primer e complementary to its target at the 3'-end under the appro- 
priate conditions. We^ and others6.7 have described the use of ARMS to test for /EFSOS. the most common mutation 
o^^the CFTR gene3 VVe have also shown that four ARMS analyses can be performed simultaneously by multiplexina 
allele-specific prmnerso and our observations have been confirmed by Fortina et afi. 

[00041 However the need still exists for further CF tests, in particular for rapid and reliable methods for the extensive 
investigations, routinely performed in many laboratories. We have now devised and validated a two-tube multiplex 
ARMS test, hereinafter referred to as the CF(12)m test, wrhich detects 12 of the most prevalent CF mutationsio simul- 
taneously. The CFTR gene mutations that are detected by the test are 1 71 7-1 G>A. G542X, W1 282X N1 303K AF508 
3849+lOkb C>T. 621+1 G>T. R553X. G551D. R117H. R1162X and R334W which are described in'referenc^ 10 and 
papers cited therein. The test also distinguishes between CF AF508 heterozygotes and homozygotes The CF Genetic 
Analysis Consortium dataio allows the minimum detection capability of the test to be calculated by country, as shown 
in Table 1. Similarly calculated continental values are shown In Table 2. A further obsenralion from these data is the 
very high minimum detection capability for Ashkenazic Jews which is calculated to be 95.4%. 
[0005] TDerefore in a first aspect of the present invention we provide a method for detecting the presence or absence 
of twelve mutations in the cystic fibrosis transmembrane conductor regulator (CFTR) gene, which method comprises 
contacting sample genomic DNA from an individual in two separate reaction vessels with allele specific primer sets for 
(A) 1717-1 G>A. G542X. W1282X, N1303K. AF508(M), 3849+IOkb OT mutations and (B) the 621+1 G>T. R553X 
G551D. R117H. R1162X and R334W mutations respectively, in the presence of appropriate nucleoUde triphosphate^ 
and an agent for polymerisation, such that each diagno^ic primer is tended only when the relevant mutation is 
present in the sample; and detecting the presence or absence of CFTR gene alleles by reference to the presence or 
absence of diagnostic primer extension product(s). 

[M06J Allele specific primer sets A and B as defined above represent further independent aspects of the invention 
P»07] Advantageously, primer set B also includes an allele specific primer lor the nonnal AF508 allele (AF508(N)) 
ie. DNA sequence unaffected by the AF508 mutation. 

[0008] The test sample of nucleic acid is conveniently extracted from a sample of blood, mouthwash or other body 
fluKJfroman individual. Alsobuccal-swab samples may be used. It will be appreciated that the test sample may equally 
be a nucleic acid sequence corresponding to the sequence in the test sample. That is to say that all or a part of the 
region in the sample nucleic acid may firstly be amplified using any convenient technique such as PCR before use in 
the method of the invention. The methods of the invention are conveniently effected using about 20-100 nanograms 
of terrtplate DNA. 

[0009] Any convenient enzyme for polymerisalion may be used provided that it does not affect the ability of the DNA 
polymerase to discrmninate between normal and mutant template sequences to any significant extent Examples of 
convenient enzymes include themiostable enzymes which have no significant 3'^' exonuclease activity, for example 
Taq DNA polymerase, particularly 'Ampli Taq Gokf™ DNA polymerase (PE Applied Biosyslems), Stoffel fragment or 
rther appiopriately N-temriinal deleted modlications of Taq or Tth {Thenms thermophilus) DNA poVmerases 
[0010] We have now devised allele specific primers for the above CFTR gene mutations which have been shown 
m pnmer sets A and B. to detect the specific mutations reliably and robustly Therefore in f urtheraspects of the inventiori 
we provide individual diagnostic primers and sets of diagnostic primers A and B as disclosed below. 
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Primer Set A 


Allele 
SDficific 


Tube 


DNA sequence (5* to 3') 










W1282X Forward 


Y 


A 


TCTTGGGATTCAATAAC 1 1 rcCAACAGTCA 


1 717-1 G>AFoiward 


Y 


A 


TACTAAAAGTGACTCTCTAATTTTCTATTTTTGGT 

AATTA 


G542X Forward 


Y 


A 


AGTTTGCAGAGAAAGACAATATAGTTCTCT 


N1303K Reverse 


Y 


A 


TGATCACTCCACTGTTCATAGGGATCCATC 


Mutant Reverse 


Y 


A 


GTATCTATATTCATCATAGGAAAGACCATT 


384g4-10kb C>T Reverse 


Y 


A 


AC A 1 1 1 CCTTTC AGGGTGTCTGACTAA 
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Primer Set B 



/EF508 Wild type Reverse 



62H-1 G>T Reve rse 
R117H Reverse 



6551 D Reverse 



R553X Reverse 



R1162X Forward 



Allele 
specific 



Tube 



DNA sequence (5* to 3') 



B 



B 



B 



GTATCTATATTCATCATAGGAAACACCACA 




CCTATGCACTAATCAAAGGAATCATCGTGT 



GCTAAAGAAATTCTTGCTCGTTGTT 



GACTGACTGACTGACTGACTCTGACTGAGTTATT 
CACCTTGCTAAAGAAATTCTTGCTGA 



TAi 1 1 1 iATTTCAGATGCGATCTGTGAGTT 



[0011] Although the above primers have been optimised for use in the diagnostic methods of the invention, it will be 
appreciated that some modification of some or all of the above primers may be possible without adversely affecting 
their performance in the methods of the invention. Such modifications may be determined by the molecular biologist 
of ordinary skill in comparative experiments. Whilst we do not wish to be bound by theoretical considerations, in general, 
one or more of the nucleotides at the 5' end of a primer, may be substituted for other (non-complementary) nucleotkJes.' 
for example about 1 in 4. 1 in 5, lin 6. 1 in 7, such as 1 in 8. 1 in 9 or 1 in 10 of the nucleotides may be substituted! 
Nearer to the 3^ end of the primer the scope for modiflcatfon is more limited, within about six bases of the 3' end, one 
or possibly two nudeolldes may be substituted for other (non- complementary) nucleotides. The 3' temiinal nucleotide 
of the primer should not be nrxxJifled. 

[0012] Additions to and deletions from the above primer sequences are also possible but not prefened. Again a 
molecular biologist may perform comparative experiments to reveal what modifk^ations are practicable within the scope 
of the present invention. 

[0013] The primers may be manufactured using any convenient method of synthesis. Examples of such methods 
may be found in standard textbooks, for example 'Protocols For Oligonucieotides And Analogues: Synthesis And 
Properties;' Methods In Molecular Biology Series; Volume 20; Ed. Sudhir Agrawal, Humana ISBN: 0-89603-247-7* 
1993; 1st Edition. 

[0014] In many siluatfons, it will be convenient to use the sets of diagnostics primer of the invention in combinatkxi 
with further amp!lficatk)n primers in one or more cycles of PGR amplification. A convenient example of this aspect is 
set out in our European patent number EP-B1 -0332435. The further (amplification) primer is either a fonward or a 
reverse common primer. Hot-start PGR is conveniently employed. 
[0015] Preferred individual primers and sets of further primers are set out below. 
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10 



IS 



Pnmer 


Allele 


Tube 


DNA sequence (5* to 3') 




specific 












W1282X Reverse 


N 


A 


GAATTCCCAAACTTTTAGAGACATC 


1717-1G>AK5542X Reverse 


N 


A 


TAATCTCTACCAAATCTGGATACTATACC 




N 


A 


AAi 1 lUAGAGAACTTGATGGTAAGTACA 


/EF508 Mutant Forward 


N 


A 


CCAGACTTCACTTCTAATGATGA7TATGGG 


3849+IOkb OT Foward 


N 


A 


TTGTGGATCAAATTTCAGTTGACTTGTCATC 


/EF508V\rr Forward 


N 


B 


GACrrCACTTCTAATGATGATTATGGGAGA 


621+1 G>T/R117H Forward 


N 


B 


Gi 1 ICACATAGTGTATGACCCTCTATATACACTCATT 


R334W Reverse 


N 


B 


1 1 1 G 1 1 1 Af rGCTCCAAGAGAGTCATACCA 


G5S1D/R553X Forward 


N 


B 


TAAAATTGGAGCAATGTTGTrTTTGACC 


R1162X Reverse 


N 


B 


TTTTGCTGTGAGATCTrrGACAGTCATfr 



[001 6] I n a preferred aspect of the invention primer mixes A and B are provided which mixes A and 8 comprise both 
allele specific and amplification primers as follows: 



20 



25 



30 



Allele 
specific 



W1282X Fontfard 
W1282X Reverse 



1 71 7-1 G>A Forward 



G542X Forward 



1717-1G>A/G542 X Reverse 
N1303K Reverse 
N1303KFonward 
/EF508 Reverse 
/EF508 Forward 



3849+1 Okb OT Reverse 



3849+IOkb OT Forward 



DNA sequence (5' to 3') 




N 



_Y 
N 



N 



_A 
_A 
_A 
_A 
A 



TCTTGGGATTCAATAACTTTGCAACAGTCA 



GAATTCCCAAACTTTTAGAGACATC 



TACTAAAAGTGACTCTCTAATTTTCTATTTTTGGT 
AATTA 



AGTTTGCAGAGAAAGACAATATAGTTCTCT 



TAATCTCTACCAAATCTGGATACTATACC 
TGATCACTCCACTGTTCATAGGGATCCATC 
AATTTGAGAGAAGTTGATGGTAAGTACA 
GTATCTATATTCATCATAGGAAACACCATf 
CCAGACTTCACTTCTAATGATGATTATGGG 



ACATTTCCTTTCAGGGTGTCTGACTAA 



TTGTGGATCAAATTTCAGTTGACTTGTCATC 



35 



40 



46 
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Primer Mix B 



Allele 
specific 



621+1 G>T Reverse 

R117H Reverse 

621+1 G>TyR117H Forward 



R334W Reverse 



G551D Reverse 
R553X Reverse 



G551D/RSS3X Fonivard 
R1162X Forward 



R1162X Reverse 



Tube 



N 



N 



N 



DNA sequence (5* to 3') 



B 




B 



B 



B 



B 



GACTTCACTTCTAATGATGATTATGGGAGA 



TGCCATGGGGCCTGTGCAAGGAAGTArrGA 



AGCCTATGCCTAGATAAATCGCGATAGACT 

ui I li;Ai;ArAGTGTATGACCCTCTATATACACTC 
ATT 

CCTATGCACTAATCAAAGGAATCATCCTGT 



TTTGTTTATTGCTCCAAGAGAGTCATACCA 



GCTAAAGAAATTCTTGCTCGTTGTT 



GACTGACTGACTGACTGACTCTGACTGACTTATT 
CACCTTGCTAAAGAAATTCTTGCTGA 



TAAAATTGGAGCAATGTTGTTTTTGACC 



TAMI I lATTTCAGATGCGATCTGTGAGTT 



TTTTGCTGTGAGATCTTTGACAGTCATTT 



[0017] Any convenient control pr{mer(s) may be used to confirm correct functioning of the PGR.. Two independent 
control reactions may be provided with each primer set. For example, one amplifies a region of the apolipoprotein (Apo 
B) gene, the other amplifies a region of the ornithine decarboxylase (ODC) gene. The Apo B reactk)n is designed 1o 
amplify less efficiently than the ARMS reactions ensuring that this control reaction will fail preferentially if PCR variables 
are not within the defined tolerances of the test. The Apo B control therefore safeguards against a false negative result 
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If the test is perfonmed under suboptimal conditions. Both control product bands are preferably present for a reliable 
diagnosis to be made. 

[0018] Preferred control pnmers include one or more of the following: 



10 



Apo B control Fonvard 
Apo B control Reverse 
ODC control Forward 



ODC control Reverse 



N 



N 



N 



A&B 
A&B 



A&B 



A&B 



GAGCACAGTACGAAAAACCACCT 
AAACTTTTACAGGGATGGAGAACG 



AGAGGATTATCTATGCAAATCCTTfiTAAr^r 



TGAACTTCACTATCAAAAGTCATCATCTAG 



IS 



20 



25 



[001 9J It will be appreciated that any of the primers set out hereinbefore may be modified as outlined In respect of 
primer sets A and B. 

[0020] A variety of methods may be used to detect the presence or absence of diagnostic primer extension products 
and/or amplification products. These will be apparent to the person skilled in the art of nucleic acid detection procedures. 
Preferred methods avoid the need for radiolabelled reagents. Particular detection methods include those which provide 
size or sequence cfifferentiatfon. preferably gel electrophoresis based methods. For example, primer extension products 
are separated by agarose gel electrophoresis and visualised by ethldium bromide staining/uv transillumination. Indi- 
vidual mutations are conveniently identified by size comparison of the products against an appropriate DNA ladder 
marker, Altemative detection methods irrclude capillary zone electrophoresis (GZE). 

[0021] One or more of the diagnostic prinrier sets/mixes of the invention may be convententiy packaged with Instruc- 
tions for use in the method of the invention and appropriate packaging and sold as a kit. The kits will conveniently 
include one or more of the foltowing: corresponding ampiificatk)n primers, appropriate nucleotide triphosphates, for 
example dATP, dCTP. dGTP, dTTP, a suitable polymerase as previously described, and optimised buffer solution. 
[0022] A preferred kit of the invention comprises primer mixes A and B (as defined above) in separate containers, 
taq DNA polymerase (preferably Amplltaq Gold), and optimised enzyme dilutton buffer. 

[0023] The inventbn will now be illustiated but not limited by reference to the following detailed descrlptfon. Refer- 
ences, Examples, Tables and Figures wherein 

lablej shows the minimum detection capabilities of the CF(12)m ARMS test; average figures for countries testing 
>100 chromosomes^^. 

Table 2 shows the mhimum detectkxi capabilities of the CF(12)m ARMS test; analysis by continent derived from 
data in reference 10. Empty cells indfcate that not all centres screened for each mutatbn delected by the test; 
therefore the actual detection capabilities for some mutations may be higher. 

Table g shows the analysis of the 754 chromosomes tested. •Confirmatory typing as detailed in references cited 
within reference 10; ASO, Allele-specific oligonucleotide hybridisatran. 
Table 4 shows primer sequences used in the CF(12)m ARMS test. 

[0024] Figure 1 shows a diagramatic representation of electrophoretic mobilities of ARMS, control and size maricer 
gel bands. The respective ARMS and control bands are labelled, all band sizes (bp) are shovm in parentheses. The 
250 bp marker band (hatched) is more intense to provide a reference position on the gels. In samples which do not 
contain any of the mutatfons detected by the test, only the Apo B and ODC control bands (both tubes) and AF508 
normal band (B-tube) will be visible, these are shown shaded. 
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Example 1 

[0026] For clinical applications it is essential that the results obtained using PGR based tests are both reliable and 
reproducible. It is generally understood that the efficiency of PGR can be affected by a number of variables and it is 
important to understand which ones might affect test perfonmance. We have therefore investigated the effects of chang- 
es of primer. DNA template and Taq DNA polymerase concentrations and of PGR annealing temperatures. These 
studies have defined the conditk>ns under which neither false positive nor false negative results are produced even if 
the test is performed under sub-optimal conditions. We have unequivocally typed DNA samples that were obtained 
from different laboratories and that were prepared by a variety of methods. 

Methods 
DNA samples 

[0027] The panel of samples was selected to Include rK>rmal DNAs, DNA from CP AF508 homozygoles and several 
examples of each mutatfon for which the test was designed to detect. All DNA samples were prepared from EDTA/ 
blood. DNA samples from extemal sources were prepared and typed independently using standard recognised pro- 
cedures and typed by the methods outlined in table 3. DNA samples from CF unaffected individuals were prepared as 
described previously^. 

Primer design 

[0028] In designing the ARMS primers it was important to ensure that a false result couW not arise due to other DNA 
sequence variations at the same site or in the vicinity of the mutatrans tested for. For example, AF508 and non-AF508 
alleles shouW not be confused for either the mutant AI507. or the benign F508C alleles. This discrimination was 
achieved after partfcular consideration and the appropriate choice of orientation of each primer with respect to the 
direction of transcription of the CFTR gene. Gareful attention was also given to the inclusion of additional base-pair 
mismatches between each primer and the genomic DNA sequence and also the length and concentratk>n of each 
primer. In combining primers for multiplex analysis, many primers are included in one reactton mix. It was therefore 
necessary to minimise any primer interactfons that rrught affect the test perffomnance. The ARMS primer sequences 
are shown in Table 4. 

Test design 



[0029] The CF(12)m test consists of two tubes, the A and the B tube. The A tube contains ARMS primers specific 
for the 1717-1G>A, G542X. W1282X. N1303K, AF508, and 3849+IOkb C>T mutatbns. The B lube contains ARMS 
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primers specific for the 621+1 G>T, R553X, G551 D, R1 1 7H, R1 1 62X and R334W mutations. The B tube also contains 
an ARMS primer specific tor the norma! AF508 allele. There are also two control reactions in each tube. One amplifies 
a region of the apolipoprotein (Apo B) gene, the other amplifies a region of the ornithine decarboxylase (ODC) gene. 
The Apo B reaction is designed to amplify less efficiently than the ARMS reactions ensuring that this control reactron 
will fail preferentially iff PGR variables are not within the defined tolerances of the test. The Apo B control therefore 
safeguards against a false negative result if the test Is performed under sub-optimal conditions. Both control product 
bands should be present for a reliable diagnosis to be made. The concentrations of the component ARMS primers In 
each tube were ac^usted to amplify their respective targets with equal efficiency. The primer DNA sequences are shown 
in Table 4. The remaining constituents of each tube comprise ARMS buffer; 10mM Tris-HCI. (pH 8.3) 1 .2mM MgCIg, 
50mM KCI, 0.01% gelatin, dNTPs (lOO^M each). Genomic DNA and Taq or >\nv>//taQGo/d DNA polymerase are added 
at the start of the test. 

[0030] TTie CF(1 2)m test output is shown {Figure 1 ) 
Test method 

[0031] The test is performed by adding genomic DNA prepared from EDTA/blood to each tube which is then heated 
at 94*C, 5 minutes. Taq DNA polymerase (2.5 units) is added to each tube, whilst mawitainlng the temperature at d4*C, 
and thermal cycling (35 cycles of 94»C. 1 minute; 58"C, 2 minutes; 72'^C. 1 minute with a final extension at 72''C, 10 
minutes) is initiated. Alternatively, both AmpStaq Gold DNA polymerase (2.5 units) and genomic DNA prepared from 
EDTA/blood are added to each tube and thermal cycling (as described above) initiated following a 94'*C, 20 minutes 
incubation during which the DNA polymerase is activated. 

[0032] TTie amplification products are separated by agarose gel electrophoresis against a 50 base-pair DNA ladder 
marker (Pharmacia Biotech) and visualised by UV transillumination. All procedures generally accepted for avoiding 
PGR carry-over contamination" were employed during the development and validation of the test and are recom- 
mended when using the test. The presence of the control products and a specific ARMS product, defined by electro- 
phoretic mobility, is diagnostic of the presence of the respective mutant allele and/or nonmal AF5Q8 allele (Figure 1). 

Results 

[0033] Test performance: 

[0034] A series of experiments was performed to determine the tolerance of the CF(1 2)m ARMS test system to the 
variation of primer concentrations, annealing temperatures, Taq or Amplitaq Gold DNA polymerase concentration, the 
input DNA amount and the method of its extraction. This sensed to denronstrate the permissible limits of each test 
variable and to confirm that a 'non-result' or test fail, rather than an incorrect result was observed should any variable 
fall outside defined tolerances. The CF(12)m test was functional at 4/-2 •C of the standard annealing temperature (58 
•C) Under sub-optimal conditions (3 above the standard temperature) all diagnostic product bands were visible but 
the upper control product band was absent. This feature of the test prevents the occurrence of false negative results 
due to operation at higher temperatures, since both control product bands must be present to make a diagnosis. The 
results demonstrate that the test remains functional over a broad range of annealing temperatures. The effects of the 
primer, Taq or Amplitaq Gold DNA polymerase and DNA concentrations were assessed in an analogous manner. This 
defined the respective windows within which both of the control bands and each mutation-specifk: band was appropri- 
ately generated. 

[0035] 383 DNA samples prepared from EDTA/blood were analysed using the CF(12)m test, and 377 gave results 
In agreement with those obtained Independently. Six samples (1 .57%) were not scored due to the absence of one or 
both control bands. These were all archival samples known to be of tow concentration and degradation of these samples 
could not be eliminated. Where rare non-AF508 compound heterozygotes have been obtained (3849+1 Okb C>T/ 
W1282X; 3849+IOkb C>T/G542X; G542XrtM1303K; G542XW1282X; G551D/R553)Q N1303K/1717-1G>A; G542X/ 
1717-1G>A; N1303K/W1282X; R553X/R334W) and analysed, both mutatons were correctly identified. Sirnilarly, all 
AF508 compound heterozygotes were conectly typed. We also obsen/ed that there was no mistyping when AI507. 
1717-2A>G. R1283M, R117C. 3617GAr, 621 +2T>C or F508C alleles were present. These data demonstrate that, for 
the clinical material available to us, one allele does not fail to amplify when combined with another \x\ the same ARMS 
tube and that one allele does not give rise to artef actual products derived from alternative allele-specific primers. Table 
3 provkies an analysis of the 754 chromosomes typed using CF(12)m ARMS test. 

[0036] Eariy diagnosis followed by expert management has resulted in an improved prognosis for CF patients. This 
has led to the evaluation of neonatal screening protocols for CR There is also a common objective of identifying carriers 
and ultimately those couples who are at risk of having a chikJ affected with CF that is shared by 'Active cascade'12 
•Couple'i3*i4 and step' or 'Stepwise'^^.is screening protocols. It has also been highlighted that there are risks 
associated with in wfro fertilisation. Up to ten offspring may be fathered by one sperm donor. If a donor is a CF carrier 
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there will be a higher than normal chance of at least one of the offspring being affected by the disease. For this reason 
it was recommended that sperm donors should be routinely tested for mutations in the CFTR gene^« The primary 
application of the CF(12)m test is screening individuals who may be carriers of one of the CP mutations 1717-1G>A, 
G542X. W1282X. N1303K, AF508, 3849+IOkb C>T, 621+1 G>T, R553X. G551D. R117H. R1162X and R334W, the 
most common CF mutations in Caucasians and Ashkenazi Jews. In Europe, CF Individuals who are non-AF508 CP 
compound heterozygotes are rare. As a consequence it has not been possible to analyse for all mutations in combi- 
nation in the same test. However, nine compound heterozygotes have been sourced and analysed. In each of these 
cases and in all AF508 CF compound heterozygotes both mutations were correctly identified clearly demonstrating 
the diagnostic value of the test. 

[0037] There is a clear difficulty in distinguishing particular alleles in the routine genetic screening laboratoryi^ Cup- 
pens and Cassiman demonstrated that 12.5% of laboratories mistyped the F508G polymorphism as a true mutation 
and that 12.5% confused the AI507 mutation for AF60B17 one conclusion of that study was that the accuracy of CFTR 
typing should be improvedi^. The CF(12)m test was designed such that a false result does not arise because of other 
DNA sequerrce variations in the vicinity of the mutations tested for. This was achieved through the design and choice 
of transcriptional orientation of each respective ARMS primer The CF(12)m test accurately discriminates between 
AF50B and non-AF508 alleles which are in turn distinguished from the mutant AI507 and the benign F508C alleles. 
This addresses the the problems associated vnih typing particular alleles Identified by Cuppens and Cassiman. Fur- 
thermore, findings from another study^^ that compared multiplex ARMS screening for the AF508, G551 D, G542X and 
621 +1 G>T alleles^ with alternative routine procedures for the same alleles were that multiplex ARMS was the prefered 
method. 

[00381 Standardisation of all test procedures and implementation of appropriate quality control measures can control 
for some test variables and it is important to understand which ones are likely to affect test performance. The annealing 
temperature is one key. parameter whfch can affect the performance of any PGR or ARMS reaction. If the reaction 
temperature falls below the required annealing temperature it is likely that reaction specificity win be affected. Similarly, 
if the annealing temperature is higher than that required the efficiency of the ARMS reaction may be reduced resulting 
in PGR failure. There is expected to be some dfegree of variability between the temperature accuracy and uniformity 
exhibited by different themr)al cyclers. We therefore established the temperature range within whfch all the component 
reactKXis of the test would function (at least +/-2 •C). All thermal cyclers currently available commercially are claimed 
by the requisite manufacturer to have a temperature accuracy of +/-1 '^C or better. We have similarly determined the 
range within which other parameters can vary without adversely affecting test function. In defining these we have 
established the tolerances within whteh the kit must be assembled. The two key variables that can be influenced by 
the kit user are the annealing temperature of the ARMS reaction and the amount of the Taq DNA polymerase added 
to individual reactwn mixes. We have addressed the function of the test when the upper and lower limits of these 
variables are applied in concert. From these studies, even with low enzyme and high annealing temperature and vice 
versa, the control amplicons are produced and the test does not give false results using our panel of DNAs We therefore 
conclude that the CF(1 2)m test is reliable and robust and is unaffected by external variations so long as the kit ffistmc- 
tions and recommendations are adhered to. If a reactfon should fail for any other reason that is not addressed by the 
parameters investigated herein, a misdiagnosis would still not occur since a control amplicon would be eliminated prior 
to any ARMS amplicon. This feature emphasises the importance of the internal controls and their role in avoiding 
misdiagnoses. There were six archival DNA samples that failed to produce one or both control bands, these may have 
been degraded and they were not scored. Because the CF(12)m test is primarily a screening test, by* implfcatkxi DNA 
used m the test will be freshly prepared. The age and degradatkxi of a sample m therefore not believed to be a problem 
during the tesTs routine applk:ation. 



Example 2 

Clinical eva luation of the CR12^m cystic fibrosis DNA diagnostic kit 

[00391 Forty DNA samples from thirty nine previously genotyped cystic fibrosis (CP) patients or carriers and one 
unaffected individual were evaluated independently In a blind study by two genetic testing laboratories involved in CF 
molecular diagnosis perfomiing 500 diagnoses per year combined. The CF(12)m kit uses multiplexed amplification 
refractory mutation system (ARMS™) technotogy which altows the simultaneous identification of the more prevalent 
CFTR gene mutations? 1717-1G>A. G542X, W1 282X, N1 303K, AF508. 3B49+10kb C>T. 621 +1 G>T, R553X. G551 D, 
R 1 1 7H, R11 62X and R334W in one working day. The kit was found to be accurate and reliable. 
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Methods 



Samples 



s [0040] Forty DNA samples from CF patients or carriers and an unaffected individual were typed. The reference 
method for DNA typing was the analysis of the 27 exons and the intronexon boundaries of the CFTR gene as described 
previously^. Six further samples bearing the AI507. R117C, R347H. D1152H and R117P mutations and one bearing 
the 1 540A->G polymorphism, not detectable with the CF(1 2)m kit, were also tested to evaluate cross reactivity. Whole 
blood had been stored at -20_C prior to CF(12)m kit analysis. 

w 

DNA anafysis using CF(12)m kits 



[0041] DNA was extracted from thawed blood and analysed. After DNA amplification the reaction mixtures were 
separated by agarose gel electrophoresis to reveal the diagnostic and amplification control DNA fragments^. 



IS 

Results 



25 



30 



35 



[0042] The extraction often bkx>d samples could be completed in half a day DNA was successfully amplified from 
all samples, however, one remained dark brown after washing and could not be amplified initially This DNA was diluted 
20 ten fold after which it amplified successfully 

[0043] All samples were analysed in both laboratories. In one lab one sample required a repeat analysis because 
of the absence of a control DNA fragment. One sample, different in each lab (see Table 1), was not interpreted even 
after reamplification. In lab 1 sample six had an allele cariying the 1 717-1 G->A mutation which was amplified only at 
a k>w level. In lab 2 sample 26 showed no amplification control band and no mutant ARMS products. 
[0044] As expected, the mutations 2789+5 G->A, 2176insC. 1078delT and S1235R and the polymorphisms 
875440A/G and 2694A/C identified by the reference method were not detected by the kit, neither were they erroneously 
typed. This was also found for the AI507. R117C. R347H. D1152H, R117P 1540A.>G samples [data not shown]. None 
of the CF mutations detectable by the kit were incorrectly identified as other mutations. 

[0045] In all cases with the exception of samples six and 26 where one or more of the 12 mutations detected by the 
kit were present, the kit accurately identified them. When compared to the reference method the kit detected the same 
mutations in 34 of the 40 samples (85%). (see Table 1). Four samples carried a rarer mutatkxi that is not detected by 
the kit. Two other samples were from patients homozygous for the W1282X and G542X mutations. Figure 1 shows a 
result typical of those produced using the CF(12)m kit. 

[0046] The CF(12)m kit, uses multiplex ARMS technology which is extremely rapid and allows the screening of at 
least ten samples for 1 2 CFTR mutations in a working day A major feature of the kit therefore is the speed with whfch 
the results are delivered. This alk>ws the laboratory staff to undertake additional activities and it increases sample 
throughput. We found the kit to be reliable and accurate after evaluating it in a blind study in two Independent labora- 
tories both of which are experienced in CF molecular diagnostics. The results obtained were in accordance with those 
described by the nnanufacturer and demonstrated a first time amplification success rate of 97%. 
[0047] In one laboratory, the absence or low level of the amplification control DNA fragment was obsenfed and this 
was improved by the analysis of small batches samples. This probably reflects reduced denaturatk>n of the DNA 
polymerase during the hot-start prk)r to themnal cycling. To achieve consistently reliable results we found that strict 
adherence to the protocols was required. The control DNA fragments shoukJ be visible routinely to avoid the risk of 
getting a false negative result. The absence of the upper control fragment in conjunction with no mutant allele amplk»ns 
^ indicate that a repeat test is required. 

[0048] The 12 mutattons that the CF(12)m kit can delect are among the most frequent obsen^ed In European pop- 
ulations. The diagnostic power of the test, depending on the populatfon under study has been calculated. In the French 
populatkxi generally, 78.8% of CF chromosomes should be detected using the CF(12)m kit, in our hands 85% were 
detected rn both laboratories. This seems satisfactory as screening for very rare mutations does not signfficantly in- 
^ crease the detection frequency of CF chromosomes. 

[0049] A potential limitation of the CF(1 2)m kit is that it does not distin guish between homozygotes and heterozygotes 
for mutations other than AF508. Afthough homozygotes for the rarer mutations are usually encountered infrequently, 
this characteristic of the kit must be considered when interpreting the test result. This was demonstrated in this inves- 
tigation when the genotype of the W1282X and G542X homozygous patients could not be determined since the kit 
does not differentiate between one or two mutated alleles except for the AF508 mutation. 

[0050] The kientificatkxi of mutations h the CFTR gene is required primarily In patients suspected of suffering from 
CF and is important for genetic counselling In the patient family The CF(12)m kit is useful in this case for first line 
screening and can be complemented by other methods if two mulatfons are not detected initially. The detectfon rate 
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of the kit allows the calculation by Bayeslan analysis of the posterior risk of an 'at risk individual', with a negative result. 
Simitar assessments of carrier risk estimation can be calculated for individuals with a family history of CF where affected 
or obligate heterozygous individuals are not available for mutatbn typing. 

[0051] The CF(12)m kit will also be useful in CF carrier screening programs and of particular use in CF neonatal 
screening in association with Immunoreactive trypsin (I RT) (Wilcken et al, JPediat. , 1 995. 127, 965-970) or pancreatitis- 
associated protein (PAP) (CR.Acad.Sci. Paris/Life Sciences. 1994, 317, 561-564). 



Table 1 



Country 


CF chromosomes (%) 


Albania 


75.0 


Austria 


72.2 


Belgium 


84.5 


Bulgaria 


67.1 


Czech Republic 

• 


80.6 


Denmark 


91.0 


France 


78.8 


Gemiany 


78.6 


Hunoary 


73.0 


Greece 


68.7 


Ireland 


79.1 


Italy 


60.3 


Netherlands 


83.5 


Poland 


650 


Portugal 


48.4 


Russia 


53.4 


Slovenia 


69.1 


Spain 


63.2 


Sweden 


56.0 


Switzerland 


80.3 


United Kingdom 


81.3 
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Table 2 





Total CF 
chromo- 
somes 

screened 


R117H 


62U1G> 
T 


R334 
W 


/EF508 


1717-1G>A 


G542X 


Europe, 
North 


21,154 


62 


07 


18 


14,866 


160 


439 


Europe. 

South 


7,281 


3 


37 


21 


4,007 


65 


259 


America, 
North 


10,438 


61 


154 


12 


6.900 


44 


234 


America. 

South/ 

Central 


758 








342 




38 


Australasia 


3.095 


7 


27 


2 


2,309 


12 


56 


Asia, mainly 
Middle East 


608 


0 






173 


3 


27 


Africa 


515 








351 




9 


Totals 


43.849 


133 


315 


53 


28.948 


284 


1.0^ 





G551D 


R553X 


R1162X 


38494^10 
kbC>T 


W1282X 


N1303K 


Minimum 
Detection 
Capability 
(%) 


Europe, 
North 


356 


165 


36 


23 


120 


209 


78^ 


Europe, 

South 


37 


44 


68 


8 


43 


179 


65.5 


America, 
North 


206 


96 


19 


57 


245 


130 


78^ 


America, 

South/ 

Central 


1 


5 








11 


52.4 


Australasia 


117 


11 


2 




6 


23 


83.1 


Asia, mainly 
Middle East 


0 


0 




16 


120 


29 


60.5 


Africa 




1 






2 


8 


72.0 


Totals 


717 


322 


125 


104 


536 


589 


75.7 



Table 3 



Mutation 


Independent typing method^ 


Totals 


1717-1G>A 


ASO 


16 


G542X 


ASO 


10 


W1282X 


ASO 


16 


N1303K 


ASO 


12 


>IEF508 


Electrophoresis 


89 


3849+1 Okb C>T 


Digest (HphI) 


11 


621+1 G>T 


Digest (Msel) 


7 
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Tables (continued) 



Mirtsi'Ikvi 

iviuiaiivii 


inaepenaeni lypiny mexnoo'' 


Totals 




uiyesi (riuicii^ 


13 


d'^^A n 

\Jt\JO I u 


uigesi (Noei} 


16 


Rli7H 
nil/ n 


AoU 


13 


R1162X 




1 1 


R334W 


Digest (Mspl) 


6 


Other/none 




532 








Number of samples 




377 


Total number of chromosomes 




754 
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Table 4 



Primer 



Apo B control Forward 
Apo B control Reverse 
ODC control Fonward 

ODC control Reverse 



Allele specific I Tut)e j DMA sequence (5' to y ) 



W1282X FonArard 

W1282X Reverie 
1717-1G>AFonward 

G542X Fonvard 



1717-1G>A/G542X Reverse 



N1303K Reverse 



N1303K Fonvard 
>EF508 Reverse 



/EF508 Fonvard 



3849+ lOkb C>T Reverse 
3849+1 Okb OT Fonward 



/EF508 Wild type Reverse 



/EF508 Fonvard 
621+1 G>T Reverse 



R117H Reverse 
621+1 G>T/R117H Fororard 



R334W Fonvard 



N 



R334W Reverse 
G551D Reverse 



R553X Reverse 

G551D/R553X Forward 
R1162X Fonvard 



R1162X Reverse 



N 



Y 

y" 



Y 

y" 



N 

Y 



y 



Y 

Y 
"n 



N 



N 

Y 



N 



A&BJGAGCACAGTACGAAAAACCACCT 



A & B AAACTTTTACAGGGATGGAGAACG 

A & B I AGAGGATTATCTATGCAAATCCTTGT 
AACC 

A&B I TCAACTTCACTATCAAAAGTCATCAT 
CTAG 



A^ 
A 

X 

a" 



TCTTGGGATTCAATAACTTrGCAACA 
GTCA 

GAATTCCCAAACTTTTAGAGACATC 



TACTA AAAGTGACTCTCTAATTTTCTA 
TTTTTGGTAATTA 

AGTTi ISUAUAUAAAGACAATATAGTT 
CTCT 

TAATCTCTACCAAATCTGGATACTAT 
ACC 

A I TGATCACTCCACTGTTCATAGGGATC 
CATC 

A I /v\i I i«5AGAGAACTTGATGGTAAGTA 
CA 

A I GTATCTATATTCATCATAGGAAACAC 
CATT 



A I CCAGACTTCACTTCTAATGATGATTA 
TGGG 

A I ACATfrCCTTTCAGGGTGTCTGACTA 
A 

A I TTGTGGATCAAATl ICAGTTGACTTG 
TCATC 

B I GTATCTATATTCATCATAGGAAACAC 
CACA 

B I GACTTCACTTCTAATGATGATTATGG 
GAGA 



B I TGCCATGGGGCCTGTGCAAGGAAGT 

ATTGA 

B I AGCCTATGCCTAGATAAATCGCGATA 
GACT 

B I GTTTCACATAGTGTATGACCCTCTAT 
ATACACTCATT 



B I CCTATGCACTAATCAAAGGAATCATC 
CTGT 



B 



rrTGTTTATTGCTCCAAGAGAGTCAT 

ACCA 

GCTAAAGAAATTCTTG CTCGTTGTT 



B GACTGACTGACTGACTGACTCTGAC 

TGACTTATTCACCTTGCTAAAGAAAT 
TCTTGCTGA 

B I TAAAATTGGAGCAATGTTGTTnTGA 

CC 

B I TAll M lAI i rCAGATGCGATCTGTG 
AGTT 



B 



nTTGCTGTGAGATCTTTGACAGTCA 
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Annex to the description 
[0052] 

SEQOENCS LISTING 



(1) GENERAL INFORMATION: 

(1) APPLICANT: 

(A) NAME: Zeneca Ltd 

(B) STREST: 15 Stanhope Gate 

(C) cm: LOTdon 

CD) STATE: Greater London 
(S) COUNTRY: England 
(F> POSTAL CODE (ZIP) : NIY 6LN 
(G) TELEPHONE: 0171 304 5000 
(h) TEL£f7\X: 0171 304 5151 
<I> TELEX: 0171 834 2042 

(ii) TITLE or INVENTION: SEQUENCES 

(iii) NUMBER OF SEQUENCES: 27 

iiv) COKPDTER READABLE PORN: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC>DOS/MS-DOS 

(D) SOFTWARE: PatentiA Release 11.0, Version 11.30 (EPO) 

fvl) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: G8 9800536.6 

(B) FILING DATE: 13-JAN-1998 



(2} INFORMATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNES5: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
GA6CACAGTA CGAAAAACCA CCT 
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(2) IKFORMATION FOR SEQ ID NO: 2: 

(i) SEQDENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

AAACTTTTAC AGGGATGGAG AACG 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
(0) TYPE: nucleic acid 
(C> STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQDENCE DESCHIIPTION: SEQ ID NO: 3: 
AGAGGATTAT CTTATGCAAAT CCTTGTAACC 
(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TCAACTTCAC TATCAAAAGT CATCATCTAG 
(2) INEDRMATION FOR SEQ ID NO: 5: 

(i) SEQDENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) 5TRAMDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECDLE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 
TCTTGGGATT CAATAACTTT GCAACAGTCA 
(2) INFORMATION FOR SEQ ID NO: 6: 

Ci) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 25 base pairs 
CB) TYPE: nucleic acid 

(C) STRANOEONESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
GAATTCCCAA ACTTTTAGAG ACATC 
(2) INFORMATION FX>R SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 40 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(li) MOLECDLE TYPE: Other nucleic acid 



(xi) SEQUENCE OESCRIPTIGN: SEQ ID NO: 7: 
TACTAAAAGT GACTCTCTAA TTTTCTATTT TTG6TAATTA 
(2) INFORMATION FOR SEQ 10 NO: 8: 

<i) SEQUENCE CHARACTERISTICS: 

(A) I£NGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
AGTTTGCAGA GAAAGACAAT ATAGTTCTCT 
(2) INFORMATION FOR SEQ ID NO: 9: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE; nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 

PAATCTCTAC CAAATCT6GA TACTATACC 

(2) INFORMATION FOR SEQ ID NO: 10: 

(I) SBCWENCE CHARACTERISTICS: 
(A) LEN(n*H: 30 base pairs 
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(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOFOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
TGATCACTCC ACTGTTCATA GGGATCCATC 
(2) INFORMATION FOR SEQ ID NO: IX: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: 
AATTTGAGA6 AACTTGATGG TAAGTACA 
(2) INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 
GTATCTATAt TCATCATAGG AAACACCATT 
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(2) INFORMATION SDR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECDLE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 13: 
CCAGACTTCA CTTCTAATGA TGATTATGGG 
(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECDLE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14: 
ACATTTCCTT TCAGGGTGTC TGACTAA 
(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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(xi) SEQOENCB DESCRIPTION: SEQ lo NO: 15: 
TTGTGGATCA AATTTCA6TT GACTTGTCAT C 
(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQOENCB CHARACTERISTICS: 

(A) LENGTH: 30 base paira 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
GTATCTATAT TCATCATAGG AAACACCACA 
(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
CD) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



<3ci) SEQUENCE DESCRIPTION: SEQ ID MO: 17: 
SftCTTCACTT CTAATGATGA TTATGGGAGA 
(2) INFORMATION FOR SBQ ID NO: 18: 

(i) SSQDENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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(xi) SEQUBNCE DESCRIPTION: SEQ ID NO: 18: 
TGCCATGGG6 CCT6TGCAA6 GAA6TATTGA 
(2> INFORMATION TOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
(0) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 19: 
AGCCTATGCC TAGATAAATC GCGATAGACT 
(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 37 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 
GTTTCACATA GTGTATGACC CTCTATATAC ACTCATT 
(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 
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(C) STRANDSDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQDENCE DESCRIPTION: SEQ ID NO: 21: 

CCTATGCACT AATCAAAGGA ATCATCCTGT 

(2) INFORMATIOH FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
<B) TYPE: nucleic acid 

(C) STRAHOEONESS : single 

(D) TOPOLOGY: linear 

Ui> HOLECOLB TYPE; other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 
TTTGTTTATT GCTCCAAGAG AGTCATACCA 
(2) INEX)RMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBCWESS: single 

(D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
GCTAAAGAAA TTCTTGCTCG TTGTT 
(2) INFORMATION FOR SEQ ID NO: 24: 
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(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 60 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
GACTGACTGA CTGACTGACT CTGACTGACT TATTCACCTT GCTAAA6AAA TTCTT6CTGA 



(2) ZNFt>RMATION FOR SEQ ID NO; 25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii> MOLECULE TYPE: other nucleic acid 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 
TAAAATTGGA GCAATGTTGT TTTTGACC 
(2> INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 30 base pairs 
(B> TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 
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(xi) SEQUENCE DBSCRZFTION: S£Q ID NO: 26: 
TATTTTTATT TCAGATGC6A TCTGTGAGTT 
<2) INF(»MATION FOR SEQ ID NO: 27: 

(1) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 29 base pairs 

(B) TYPE: nucleic acid 

(C) STRANOEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: other nucleic acid 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 
TTTTGCTGTG AGATCTTTGA CAGTCATTT 



Claims 



1. Amethodfor detecllngthe presence orabsence of twelve mutations in the cystic fibrosis transmembrane conductor 
regulator (CFTR) gene, which method comprises contacting sample genomic DNA from an individual in two sep- 
arate react»on vessels with allele specific primer sets for (A) 1717-1 G>A, G542X, W12B2X, N1303K AF508(M) 
3849+IOkb OT mutatfons and (B) the 62U1 G>T. R553X. G551D. R117H. R1162X and R334W mutations re^ 

and an agent for polymerisation, such that each 
diagnostic pnmor is extended only when the relevant mutation is present in the sample; and detecting the presence 
or absence ol CFTR gene alleles by reference to the presence or absence of diagnostic primer extension product 

2. A method as claimed in claim 1 and wherein one or more diagnostic primers is used with one or more amplification 
pnmers in one or more cycles of PGR amplification, 

3. A set of allele specific primers for each of the foflowing alleles of the CFTR gene- 1717-1 G>A G542X Wi9A9y 
N1303K, AF508(M). and 3849+IOkb C>T mutations. wizszx, 

4- A set of primers as claimed in claim 3 and comprising the following diagnostic primer sequences: 



TCTTGGGATTCAATAACTTTGCAACAGTCA 

TACTAAAAGTGACTCTCTAATTTTCTATTnTGGTAATTA 
AGTTTGCAGAGAAAGACAATATAGTTCTCT 

TGATCACTCCACTGTTCATAGGGATCCATC 

GTATCTATATTCATCATAGGAAACACCATT 

ACATTTCCTTTCAGGGTGTCTGACTAA 
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A set of allele specific primers for each of the following alleles of the CFTR gene: 621+1 G>T FS53X, G551D 
R117H, R1162X and R334W mutations. 

A set of primers as claimed in claim 5 and comprising the following diagnostic primer sequences: 



GTATCTATATTCATCATAGGAAACACCACA 

TGCCATGGGGCGTGTGCAAGGAAGTATTGA 

AGCCTATGCCTAGATAAATCGCGATAGACT 

CCTATGCACTAATCAAAGGAATCATCCTGT 

GGTAAAGAAATTCTTGCTCGTTGTT 

GACTGACTGACTGAGTGACTCTGACTGACTTATTCA 

CCtTGCTAAAGAAATTCTTGCTGA 

TAi I I I lATTTCAGATGCGATCTGTGAGTT 

A set of primers comprising the following diagnostic primer and amplification primer sequences: 

TCTTGGGATTCAATAACTTTGCAACAGTCA 
GAA7TCCCAAACTTTTAGAGACATC 

TACTAAAAGTGACTCTCTAATmCTATTTTTGGTAATTA 

AGTrrGCAGAGAAAGACAATATAGTTCTCT 

TAATCTCTACCAAATCTGGATACTATACC 

TGATCACTCCACTGrrCATAGGGATCCATC 

AATTTGAGAGAACTTGATGGTAAGTACA 

GTATCTATATTCATCATAGGAAACACGATT 

CCAGACTTCACTTCTAATGATGATTATGGG 

ACATTTCCTTTCAGGGTGTCTGACTAA 

TTGTGGATCAAATTTCAGTTGACTTGTCATC 

A set of primers comprising the following diagnostic primer and amplification primer sequences: 



GTATCTATATTCATCATAGGAAACACCACA 

GACTTCACTTCTAATGATGATTATGGGAGA 

TGCCAT6GGGCCTGTGCAAGGAAGTATTGA 

AGCCTATGCCTAGATAAATCGCGATAGACT 

GTTTCACATAGTGTATGACCCTCTATATACACTCATT 

CCTATGCACTAATCAAAGGAATCATCCTGT 

TTTGTTTATTGCTCCAAGAGAGTCATACCA 

GCTAAAGAAATTCTTGCTCGTTGTT 

GACTGACTGACTGACTGACTCTGACTGACTTATTCA 
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CCTTGCTAAAGAAATTCTTGCTGA 
TAAAATTGGA6CAATGTTGTTTTTGACC 
TATTTTTATTTCAGATGCGATCTGTGAGTT 
TrTTGGTGTGAGATCTTTGACAGTCATTT 

A set of primers as claimed In any one of the previous claims and comprising one or more of the following control 
primers: 



GAGCACA6TACGAAAAACCACCT 
AAACTT7TACAGGGATGGAGAACG 
AGAGGATTATCTATGCAAATCCTTGTAACC 
TCAACTTCACTATCAAAAGTCATCATCTAG 

L A diagnostic kit for detecting the presence or absence of twelve mutations in the cystic fibrosis transmembrane 
conductor regulator (CFTR) gene which comprises sets of primers as claimed in any of the previous claims. 
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